Introduction. The impact of preoperative BMI on surgical outcomes and long-term survival of gastric cancer patients was investigated in various reports with contrasting results. Materials & Methods. A total of 378 patients who underwent a surgical resection for primary gastric cancer between 1994 and 2011 were retrospectively studied. Patients were stratified according to BMI into a normal group (<25, group A), an overweight group (25-30, group B), and an obesity group (≥30, group C). These 3 groups were compared according to clinical-pathological characteristics, surgical treatment, and long-term survival. Results. No significant correlations between BMI and TNM (2010), UICC stage (2010), Lauren's histological type, surgical results, lymph node dissection, and postoperative morbidity and mortality were observed. Factors related to higher BMI were male gender ( < 0.05), diabetes ( < 0.001), and serum blood proteins ( < 0.01). A trend to fewer lymph nodes retrieved during gastrectomy with lymphadenectomy in overweight patients (B and C groups) was observed, although not statistically significant. There was no difference in overall survival or disease-specific survival between the three groups. Conclusion. According to our data, BMI should not be considered a significant predictor of postoperative complications or long-term result in gastric cancer patients.
Introduction
Gastric cancer represents one of the most frequent neoplasia worldwide, and specifically the fourth and fifth most common cancer in men and women and the third and fifth cause of cancer-related death [1] . To date the evidence shows a rising incidence of obesity, in particular in Western Countries, and an increased relative risk of cancer-related mortality at multiple sites with increased BMI [2] . Some authors suggest a relationship between increased BMI and esophageal and gastric cardia adenocarcinoma [3] [4] [5] . Some theories try to explicate the etiology of this relationship, as it seems to be related to the metabolic syndrome and the relative chronic inflammation [6] or to the higher abdominal pressure and the resulting gastroesophageal reflux [7, 8] , but actually no clear etiology has been established between obesity and gastric carcinogenesis. Usually obese cancer patients have often been perceived as being at high risk of surgical complications. In fact, there are several technical disadvantages during a surgical procedure for obese patients, including poorer surgical visibility, blood oozing from soft tissues, a dissection plane hindered by adipose tissue, and difficulty with anastomosis. Another important aspect in the intricate relation between obesity and gastric cancer is the effect of BMI on the patient's outcomes following surgical gastric resection for adenocarcinoma. Many authors investigated this relation, with very different results in terms of survival, pathological findings, and results of surgical procedures [9] [10] [11] . The aim of this study was to examine the relationship between overweight and long-term survival of patients undergoing gastrectomy for gastric cancer in our center and to evaluate the postoperative complications and the adequacy of surgical therapy.
Materials and Methods
In this study 378 patients with primary gastric cancer surgically treated in the Unit of General Surgery and Surgical Oncology, University of Siena, between 1994 and 2011 were included. The histological confirmation of the neoplasia was preoperatively achieved by endoscopic biopsies. In order to perform the most appropriate surgical treatment an accurate preoperative staging was performed in all patients by computed tomography (CT) scan and, when necessary, by endoscopic ultrasound. Subtotal or total gastrectomy was performed according to tumor location and the possibility to obtain negative resection margins and a potentially curative (R0) resection. The extent of lymphadenectomy was classified according to the Japanese Gastric Cancer Association (JGCA) guidelines, as previously described [12, 13] . All the specimens were analyzed for pTNM determination. Tumor stage was defined according to the pathological tumor node metastasis (pTMN system) classification proposed by the International Union against Cancer (UICC/AJCC, 7th edition, 2010). All cases before 2010 were revised and the pTNM classification has been updated at the 7th edition [14] . Gastroesophageal junction tumors were defined according by the classification described by Siewert et al. [15] 
Results
218 patients were selected in group A, 121 in group B, and 39 in group C. The median BMI was 24.03 kg/m 2 and the median age was 66 years. We performed a subtotal gastrectomy in 257 cases and a total gastrectomy in 121. In total, a median number of 35 lymph nodes (range: 3-140) was removed. Information regarding BMI, gender, age, and surgical data was available for all patients, whereas data regarding pT, pN, and tumor site were missing for some cases.
Clinicopathological features of the patients are summarized in Table 1 .
Preoperatively, higher BMI was associated with male gender ( < 0.05), type 2 diabetes ( < 0.001) ( Table 1) , and serum blood proteins ( < 0.01) (Figure 1 ). No significant relationships were found between BMI and TNM (2010), UICC stage (2010), Lauren's histological type, tumor site, major morbidity, and hospital stay. A trend to fewer retrieved lymph nodes was observed in overweight patients (B and C groups), as the median number of lymph nodes examined was 37 for group A (range 3-140), 33 for group B (range 5-108), and 35 for group C (range 4-68) ( = 0.059 KruskalWallis). This difference was also not statistically significant when correlation analysis was used ( = 0.055) (Figure 2 ). The median number of metastatic lymph nodes was 4 for group A (range 0-86), 3 for group B (range 0-55), and 5 for group C (range 0-63) ( = 0.586).
The rates of postoperative complications in the A, B, and C groups were 28.9%, 31.4%, and 33.3%, respectively. These differences did not reach statistical significance ( = 0.803). The rate of patients who died during postoperative hospital stay was 5.0% in group A, 1.7% in group B, and 2.6% in group C, and the difference was not significant ( = 0.230). In this analysis, median follow-up was 35 months (range . No statistical differences were found between the obesity, overweight, and normal groups. The 10-year overall survival rates were 28% in group A versus 36% in group B versus 44% in group C ( = 0.457). The 10-year disease specific survival rates were 40%, 50%, and 55% in group A, B, and C patients, respectively ( = 0.42). The overall survival and disease specific survival, after stratification based on tumor staging (I-II, III-IV), are shown in Figures 3 and 4 ; no significant differences were also observed in this stratified analysis according to BMI groups.
Discussion
The BMI is a measure for human body shape based on an individual's weight and height. It is well known that obesity is associated with cancer incidence and mortality; however the role of high BMI in cancer survival is less well understood.
The prevalence of overweight and obesity in the United States rose from the 1960s to 2010 [16] . The obesity and overweight rate was 45.8 per cent in Italy, 63.1 per cent in United States, and only 23.3 per cent in Korea. In fact, the mean or median BMI in Asian population is lower than that observed for white or European populations, but they have a higher percentage of body fat than white people of the same age, sex, and BMI. Furthermore, white people in Europe generally have a higher percentage of body fat for the same BMI than do those in USA [17] . Obesity is associated with a poor overall and disease free survival or advanced stage in multiple malignancies, as gastric [3] , pancreatic [18] , breast [19] , and colorectal cancer [20] . Several recent studies have investigated the relationship between BMI and surgical outcomes of gastric cancer patients, with contrasting results in terms of operating time, number of dissected lymph nodes, postoperative morbidity and mortality, hospital stay, and long-term survival [21] [22] [23] [24] (Table 2 ). This rather low originality may be considered a limitation to the present paper. However, many of these studies come from Eastern Countries, and few experiences from Western centers specialized in extended lymphadenectomy have been reported in literature.
The technical difficulties due to obesity in many abdominal surgical procedures have been described, and obesity has been associated with a higher risk of perioperative morbidity after gastric cancer surgery in some series [25] [26] [27] . Obesity is related to a greater incidence of comorbidities, such as hypertension and diabetes mellitus, and this could justify, in part, these results. In our experience, we found no significant association between BMI and perioperative complications, morbidity, and mortality. Other authors, in Western and Eastern series, obtained the same results [9, [28] [29] [30] . In our opinion, this may be due to the high experience of our center in extended lymphadenectomy, which has been introduced as a standard treatment for gastric cancer several years ago [12, 13] . As other authors [29, 31] we did not find any relationship between increased BMI and any of the cancer-related parameters such as tumor site, Lauren classification, TNM stage, and metastatic lymph nodes. Additionally, we found no significant difference in the number of retrieved lymph nodes between normal, overweight, and obesity groups. According to the National Comprehensive Care Network (NCCN) guidelines [32] , which recommend examination of 15 lymph nodes or more for adequate staging, we retrieved a median number of 35 lymph nodes. Even if BMI was not statistically related with the number of harvested lymph nodes, a trend to fewer retrieved lymph nodes in obese and in overweight patients was observed. This could indicate the isolation of lymph nodes from the specimen with abundant fat might be more difficult than their retrieval in nonobese patients. In the literature very discordant data are reported, in particular in terms of race and geographic origin; European [9, 27] and American authors [29, 33] described an inverse relationship between harvested lymph nodes and BMI, whereas Asiatic authors showed contradictory results [10, 26, 30, 31] . It is relevant, in our opinion, that despite the high number of removed lymph nodes, no significant differences in postoperative morbidity and mortality according to preoperative BMI were observed in the present study.
As a confirmation of the oncological effectiveness of lymphadenectomy in overweight patients, in our study we did not find any statistical difference between groups in terms of overall and disease free survival, in early as well as advanced stage of disease. In the literature different results are reported [9, 10, 23, 25, 26, [29] [30] [31] [34] [35] [36] . However, the general opinion is that increased BMI does not affect longterm outcomes of gastric cancer patients. In our experience long-term outcome of patients with high BMI was similar to or even better than other patients. This may underline the importance of centers experienced in gastric cancer surgery to perform an adequate lymphadenectomy with good longterm oncological outcome, without increasing postoperative complications or mortality, even in overweight or obese patients.
Conclusion
In conclusion, according to our data higher preoperative BMI is not related to postoperative outcome and long-term results in gastric cancer patients and therefore should not be considered a factor affecting surgical radicality, at least in specialized centers.
